Objective: We aimed to evaluate the association between breast arterial calcification (BAC) and carotid plaque formation.
Introduction
Mammography is critical for early detection and characterization of breast disease. Obtaining information on extra-mammarian diseases with this modality and reducing the risk of future diseases are at least as important as early detection of breast cancer. It will be beneficial if several mammography signs can be identified to be related to ischemic stroke, which is associated with high morbidity and mortality rates. A correlation between calcification types detected on mammograms and atherothrombotic events, which are the main source of ischemic stroke and can originate from carotid plaques, can provide such information.
The objective of our study was to assess the correlation of breast arterial calcifications (BAC) on mammography with carotid plaque forms detected by color Doppler ultrasound.
Materials and Methods
80 women including 47 with arterial calcifications on mammograms and 33 control patients without arterial calcification (47 BAC + study group, 33 BAC-control group) were included in the study. Informed consents were obtained. Ethics committee approval was not obtained. Female patients aged 39-86 years and who applied for screening or diagnostic mammography were enrolled in the study. Those above or below the specified age limit, with a previous history of stroke, transient ischemic or coronary artery disease, those who did not give consent, pregnant patients and those with infection or chronic inflammatory diseases such as autoimmune diseases, hepatic and/or renal failure were excluded from the study. Inclusion and exclusion criteria were applied for both groups. Mammograms were analyzed under supervision of a specialist for presence of BAC, whether they were performed at another center or our hospital. Mammograms that have been previously performed in other centers were evaluated in mediolateral oblique position with a standard negatoscope. There were 22 mammograms obtained in other centers; 15 of them had a 100% magnification, while 7 were reduced in the range of 70-85% due to the large breast size.
The mammograms in our hospital were obtained in the mediolateral and oblique views with Siemens Mammomat 3000® digital device. Digital mammography was assessed at Totoku 21.3'' dual display at 5 megapixel resolution. There was no significant difference between analog and digital assessment. The presence and intensity of calcifications were graded as follows: 0 (None): no vascular calcification; 1 (mild): minimal calcification with distances greater than 10 mm between calcified areas; 2 (moderate): clearly detectable calcifications in most part of the arteries; and 3 (severe): diffuse calcification affecting most of the arteries detected in at least two branches in the form of a continuous column. The intensity of calcification was analyzed independently of the number of calcified vessels. Doppler evaluation was performed with 7-13 MHz multifrequency linear probe. (EUB 6500; Hitachi, Tokyo, Japan and Aplio 500; Toshiba, Tokyo, Japan). A single radiologist performed mammographic and sonographic evaluations. Doppler assessment of carotid artery plaques was classified according to the method by Gray-Weale et al (1) . Plaque types were divided into three categories as Type 1; fatty homogeneous and anechoic plaque, Type 2; mixed plaque, and Type 3; calcified plaques. The plaque-free groups were considered as type 0, regardless of the classification. In our study, the BAC+ and control groups were compared in terms of differences in the mean blood glucose level, number of births, presence of diabetes mellitus and hypertension.
Statistical analysis SPSS 20.0 for Windows IBM Virginia USA statistical software was used for analysis. Chi-square test was used for comparison of categorical variables between groups, and independent t-test was used for numeric variables. In addition, logistic regression analysis was used to estimate the status of a binary variable. The p significance was set at 5%.
Results
The age of our patients ranged from 39-86 years. The mean age of 47 BAC + female patients and 33 BAC-female patients was 59.12±8.62 and 50.06±7.88, respectively (p>0.05).
The most common calcification types in BAC + cases was grade 2 breast arterial calcification (n = 15 50%) ( Table 1) .
Twenty-seven of BAC + patients had carotid plaque types, 13 of which were fatty plaque type (n=13, 46.4%). Only one patient with grade 2 BAC+ (n=1, 3.6%) had no detectable carotid plaque formation. In BAC-cases, the total number of those without plaque formation was 25 (78.1%) while fatty plaque formation was observed in six patients (18.8%) ( Table 2 ). It was detected that the number of fatty plaques at risk for thrombosis was significantly higher in patients with Grade 2 BAC+ (Table 3 ).
According to the partial regression analysis on the effects of breast calcifications on the frequency and type of atheroma plaques regardless of age, the -2 log likelihood was calculated as 57.72 and R square as 60,6%. We found that the presence of carotid plaque could be detected in 60.6% of BAC + and -cases (Table 4) . According to our cross-table, the BAC classification that we have used to assess the presence of carotid plaque regardless of age correctly identified 25 out of 27 patients without carotid plaque, while detecting only eight patients with plaques. The general accuracy rate of the classification was 86.7% (Table 5) . At the significance level, the presence of a carotid plaque was found to be 22.9 times higher in those with breast arterial calcification. This finding indicates the frequency of carotid plaque in BAC + patients as compared to BAC-cases (p<0.05) ( Table 6 ).
The number of hypertensive patients was higher in the BAC + group (n=32, 86.5%) as compared to BAC-cases (n=5 13.5%) (p<0.05) ( Table  9 ) (Figure 1) . Similarly, the presence of diabetes mellitus was significantly higher in BAC + patients than BAC-cases (p<0.05) (Table 10) (Figure 2 ).
The mean blood glucose level in BAC + and -patients was 121.80±31.98 and 97.21±20.14, respectively (p<0.05). The number of births was 3.31±1.4 in BAC + patients, and 2.39±1.27 in BAC-patients (p>0.05) ( Table 7 ). There was a statistically significant difference between the two groups in terms of number of birth (p<0.05). However, a significant correlation was not detected between an increased in the number of births and degree of calcification in the intra-group assessment of BAC + patients (p>0.05) (Table 8) (Figure 3 ).
Discussion and Conclusions
Cardiovascular diseases are associated with systemic arterial diseases. Arterial calcification is an indicator for atherosclerotic and (3, 8) . Several researchers have used visual scoring methods as in our study (9, 10) . Although computeraided programs that can be used as more quantitative methods are currently available, these methods are relatively new with limited study results. In our study, the mean blood glucose level and incidence of diabetes mellitus were significantly higher in BAC+ patients as compared to BAC-cases. These findings were consistent with other studies (11, 12) . In accordance with another study, presence of hypertension was significantly higher as an independent factor in BAC+ patients as compared to BAC-cases (13).
In addition, there was a significant and independent correlation between the number of births and BAC +. However, a significant correlation was not detected between an increased in the number of births and degree of calcification in the intra-group assessment of BAC + patients (Table 8 , Figure 3 ). Sedighi et al. (7) reported similar findings, although they did not report the intra-group correlation data (8).
In our study, the presence of carotid plaque was significantly higher in BAC+ group as compared to BAC-patients. Sedighi et al. (7) similarly reported a positive correlation between the presence of plaques and BAC. However, there was no information on the correlation between plaque types (7-16). In our study, it was noticed that the plaque types at risk for future neurovascular disease such as fatty plaque were especially detected in Grade 2 BAC+ patients, and that the age of this group was younger as compared to patients with Grade 4 BAC + cases (Table 11) .
Different from our study, a prospective study on young adults reported that increased carotid intima-media thickness (c-IMT), which is an early stage of carotid plaque, is associated with coronary artery calcification and cardiovascular disease that may develop in the future (11) (12) (13) (14) . Intimal changes may reflect cardiovascular and neurovascular diseases. While a number of studies analyzed the correlation between cardiovascular disease and BAC, studies on the association of BAC and carotid plaque are very rare (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) .
Similar to other studies, the frequency of hypertension and diabetes were significantly higher in the study group as compared to the control group, as well as blood glucose levels (8, 9) . Our findings also indicated that the presence of Grade 2 BAC on mammography could be used as a marker for the presence of early atherosclerosis (Table 3) .
One of the limitations of this study is relying on patient's verbal statements for various data (hypertension, pregnancy, etc.) rather than objective criteria or measurements. Other limiting factors include the small sample size and inclusion of mammograms from other centers therefore lack of standardization in imaging. In addition to these, the radiologist who evaluated Doppler US was not blinded to mammography results.
Mammography is already an important, cheap and simple screening method for breast cancer. In our study, we found that such an inexpensive and straightforward method may provide helpful information for women on the presence of carotid plaques, which is one of the main reasons of ischemic stroke.
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